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Abstract Objective: Although the radiographic characteristics of acute appendi-
citis have been well documented, the value of plain abdominal radiography has
not been completely studied. Therefore, the purpose of this investigation was to
establish the association and relevance of the image of fecal loading in the cecum
detected by plain abdominal X-ray of patients with acute appendicitis.
Methods: One hundred and seventy consecutive patients of both sexes were admit-
ted at the hospital with acute pain in the right flank. The hypothesis of appendicitis
was confirmed by operation and histological examination. These patients were dis-
tributed into two groups: Group 1 (n¼ 100), patients who had plain abdominal
X-rays done a few hours before surgical treatment, and Group 2 (n¼ 70), patients
who had plain abdominal X-rays done before the surgical procedure and also the
following day. All X-rays were taken from an anteroposterior view of the abdomen.
Demographic data such as age, gender, and skin color (white, brown and black) and
morphologic stages of acute appendicitis were also assessed.
Results: Radiographic sign of fecal loading in the cecum was detected in 97 (97%)
patients of Group 1 and in 68 (97.14%) patients of Group 2. This sign could not be
detected any longer after surgery in 66 of the 68 positive cases. Sensitivity of this
radiographic sign for acute appendicitis was 97.05%.
Conclusions: Radiographic image of fecal loading in the cecum of patients with
abdominal pain is associated with acute appendicitis. The image usually becomes
undetectable shortly after the appendix removal.
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Among the manifestations of acute abdomen, pain
in the right lower quadrant (RLQ) is probably one
of the most challenging problems in medicine.
Several possibilities of surgical and nonsurgicalublished by Elsevier Ltd. All rights reserved.
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mesenteric lymphadenitis, etc., must be taken
into account.1e3 The adequate management of
these patients demands a precise diagnostic defini-
tion in order to establish the correct treatment.
This decision requires information on the progres-
sion of the clinical picture associated with the
physical examination, laboratory findings and
imaging studies.4
Among the diseases that cause acute abdomen
with pain of the RLQ, acute appendicitis is the
most common pathological condition. This disease
is diagnosed based on clinical examination, white
blood cell count, abdominal ultrasound and radio-
graphic studies of the abdomen.1 However, the
accuracy of these methods leads to an initial mis-
diagnosis rate of up to 20% in patients with pain
in the right flank.5 Misdiagnosis is more frequent
in children, women and in the elderly.5e7
Delay in making a correct diagnosis can result
in perforation, which is associated with high
morbidity and even mortality, besides an increase
in therapeutic costs.8 False-positive diagnosis
leads to unnecessary appendectomies, which also
contributes to an increase in many undesirable
effects, such as unnecessary scar, abscesses and
the risks related to anesthesia.9
In the presence of acute abdominal pain, plain
abdominal radiographs are of great impor-
tance.10,11 Many radiographic signs have been
related to appendicitis such as appendicoliths (2e
22% of the cases), gas in the appendix (< 2%),
dilated small bowel loops showingair-fluid levels con-
fined to the lower right quadrant e sentinel loop e
(15e55%), increase in soft-tissue density in the right
lower quadrant (12e33%), loss or blurring of the pre-
peritoneal fat line (< 8%), deformity of the cecum
contour (< 5%), separation of the cecal content
from the right preperitoneal fat (< 5%), abscesses,
loss of the right psoas outline (1e8%), and scoliosis
concave to the right (1e14% of the patients).12e14
The purpose of this study was to assess a new
radiographic sign in patients with acute appendici-
tis, characterized as an image of fecal loading in the
cecum and to verify the maintenance of this radio-
graphic sign after surgical treatment of this affection.
Patients and methods
This study complied with the recommendations of
the Helsinki Declaration and the Resolution Nr.
196/96 of the Brazilian Ministry of Health concern-
ing research involving human beings15 and was
approved by the Research Ethical Committee of
the Federal University of Minas Gerais. All of thepatients agreed to participate in the study by
means of informed consent.
The study was conducted prospectively in 170
consecutive patients presenting with abdominal
pain localized in the right flank. Age, sex and skin
color (white, brown and black) of all patients were
considered.
Each patient received routine medical care for
acute abdomen condition with anamnesis and
physical examination, including gynecological
exam when the cause of lower abdominal pain
was not clear or indicated gynecological disease.
Laboratory studies (blood count, urine analyses and
blood biochemistry) and imaging studies (plain
abdominal X-rays, ultrasound imaging and abdom-
inal CT scans) were carried out following the
routine work-up when there were doubts concern-
ing the diagnosis. It is important to stress that plain
radiographs with anteroposterior view of the
abdomen were part of the complementary work-up
in all cases in accordance with the study protocol.
All patients were submitted to appendectomy
based on clinical, laboratorial and imaginologic
diagnosis of appendicitis. Diagnosis was confirmed
by histological examination of the removed appen-
dix. The histological criteria adopted to confirm
the diagnosis of acute appendicitis were the pres-
ence of neutrophilic infiltrates in the muscularis of
the appendix and additional findings based on the
severity of the case.16
Patients were divided into the two following
groups.
Group 1 (n¼ 100): 61 male and 39 female patients
ranging from 6 to 73 (31.33 14.27) years of age, of
which 63 were white, 31 brown and 6 black. All
patients underwent a radiographic study of the
abdomen a few hours before surgical treatment.
Group 2 (n¼ 70): 40 male and 30 female patients
ranging from 5 days to 61 (18.71 14.53) years of
age, of which 41 were white, 23 brown and 6 black.
Two radiographic studies of the abdomen were
performed in this group, before and the day after
surgery.
The removed appendices were classified ac-
cording to the following macro- and microscopical
morphologic stages: suppurative, fibrinopurulent,
gangrenous and perforated.16,17
The patients were also classified according to
time of pain: less than 12 h, between 12 and 24 h,
between 24 and 72 h or longer after the beginning
of pain.
The radiographic sign studied was the presence
of an intraluminal image in the cecum, character-
ized by hypotransparency interspersed with
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This flake-like image, which is characteristic of
fecal loading was eventually also seen in the
ascendant colon (Fig. 1).
The radiological procedures conducted in this
study were in accordance with recommendations
for routine radiographic studies of the abdomen as
to not expose the patients to additional risks
regarding the approach for acute abdominal pain.18
Statistical analyses employed a descriptive
method of the mean and standard deviation of
the mean of the patients’ ages. To compare the
presence of the radiographic sign in the two
groups, the chi-square test was applied. For Group
2, comparative analysis of the presence of the
radiographic sign in the pre- and the postoperative
periods was performed with the McNemar test for
dichotomic variables in paired samples. Differ-
ences were considered significant for p values
< 0.05. To assess the accuracy of the radiographic
sign, sensitivity was calculated for all groups.19
Results
The radiographic sign of fecal loading in the cecum
was present in 165 patients diagnosed with acute
appendicitis. General sensitivity (for both groups)
for acute appendicitis was 97.05%.
The radiographic sign was detected in 97 pa-
tients of Group 1 with acute appendicitis and absent
in only three individuals: 21 and 31-year-old
white male patients and a 26-year-old white
female. The radiographic sign was present in all
18 pediatric patients of this group (Table 1).
According to morphology of the appendix in
Group 1, 10 were suppurative, 60 fibrinopurulent,
22 gangrenous and 8 were perforated. The
Figure 1 Plain abdominal radiograph of a patient with
acute appendicitis. Observe the image of fecal loading in
the cecum, which is distended (arrow).radiographic sign was detected in all stages of the
appendicitis. Of the three patients with undetect-
able sign, two had fibrinopurulent and one had
gangrenous acute appendicitis. There were no
differences with respect to age, sex or skin color
(p> 0.05). No differencewas found in the incidence
of perforated acute appendicitis related to gender
(four men and four women) (p¼ 0.5081) (Table 1).
Considering the duration of the pain in patients
of Group 1, eight were operated less than 12 h
after the beginning of symptoms, 58 between 12
and 24 h and 25 patients between 24 and 72 h.
Nine patients underwent appendectomy 72 h or
longer after the beginning of pain. There was no
association between the presence of the radio-
graphic sign and the duration of preoperative
pain (p> 0.05). However, seven of the nine
patients with pain longer than 72 h were females
(p¼ 0.035) (Table 1).
The radiographic sign of fecal loading was
present in all 18 children of Group 1. There were
49 pediatric patients in Group 2. With the excep-
tion of one 8-year-old boy, this sign was present in
all children, including a 5-day-old premature
newborn with perforated appendicitis. Otherwise,
fecal loading was present in 68 patients and absent
in the other two of the 70 patients of Group 2 in
Table 1 Characteristics of the patients and appen-
dices of Groups 1 and 2 related to the sign of fecal
loading in the cecum
Parameter Group 1
(N¼ 100)
Group 2
(N¼ 70)
Image of fecal loading
Presence 97 68
Absence 3 2
Morphology of appendices
Suppurative 10 13
Fibrinopurulent 60 39
Gangrenous 22 9
Perforated 8 9
Perforation related to gender
Men 4 1*
Women 4 8*
Time of pain
<12 h 8 3
Between 12 h and 24 h 58 31
Between 24 h and 72 h 25 30
>72 h 9
(7 women**)
6
(5 women***)
Radiographic image in the pediatric patients
Presence 18 48
Absence 0 1
*p¼ 0.002; **p¼ 0.035; and ***p¼ 0.037.
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period, the sign was not detected in 66 patients
(p< 0.001). It persisted in a 6-year-old brown male
and in a 38-year-old white male for up to 24 h after
the removal of the appendix (Table 1).
Based on the morphologic classification of the
appendix of Group 2, there were 13 suppurative,
39 fibrinopurulent, nine gangrenous and nine
perforated cases. Like in Group 1, the radiographic
sign was present in all stages of the disease. There
was no difference with respect to age, sex or skin
color (p> 0.05) (Table 1).
Despite the greater number of males in Group 2
(40 males versus 30 females), there was a higher
incidence of perforated acute appendicitis in
women (eight out of the nine cases) (p¼ 0.002).
Considering the duration of pain in patients of
Group 2, three had surgery less than 12 h after the
beginning of symptoms, 31 between 12 and 24 h
and 30 patients between 24 and 72 h. Six patients
underwent appendectomy 72 h or longer after the
beginning of pain. There was no association be-
tween the presence of the radiographic sign and
the duration of preoperative pain (p> 0.05). How-
ever, five of the six patients with pain longer than
72 h were females (p¼ 0.037) (Table 1).
Discussion
Early diagnosis of acute appendicitis remains a chal-
lenge, especially in children, elderly, debilitated or
immunocompromised patients and among women.
This disease must be properly identified in order to
avoid delay of treatment and a consequent in-
crease in morbidity.8,20 This difficulty is responsible
for a high prevalence of withdrawal of morpho-
logically normal appendices, especially in the pe-
diatric and female population.21,22 It should be
emphasized that one-third of patients with acute
appendicitis undergo surgical intervention with
uncertain preoperative diagnosis.21,22
The morbidity and mortality caused by acute
appendicitis are due to perforation of the appendix
leading to abscesses and risk of generalized peri-
tonitis with systemic inflammatory response,
reported in the literature in 23e73% of
cases.20,21,23,24 The incidence of perforation of
the appendix (8% of the patients in Group 1 and
9% in Group 2) was lower than that found in the lit-
erature. Pena et al.25 evaluated 1338 patients with
acute abdominal pain. Perforation of appendicitis
was verified in 15.5% of these cases. It is worth to
suppose that an early diagnosis of acute appendici-
tis may prevent perforation. In this regard, the de-
tection of fecal loading in the cecum on abdominalX-ray contributed to an earlier diagnosis and treat-
ment with a favorable outcome of the patients.
The sensitivity (97.05%), specificity (85.30%),
positive predictive value (68.70%) and negative
predictive value (98.80%) of this radiographic sign
of fecal loading in the cecum were higher or not
different from those parameters described for
other symptoms and signs of appendicitis, as it
was previously described.1,26e28 We observed that
the image of fecal loading in the cecum is present
in less than 20% of acute cholecystitis, gynecolog-
ical inflammatory diseases and nephrolithiasis.28
In spite of a larger number of male patients with
appendicitis in this study, there was a higher
incidence of perforation in women. These data
confirm the difficulty in diagnosing acute appen-
dicitis in women, due to the numerous causes of
abdominal pain including painful ovulations, in-
flammatory gynecologic diseases and urinary tract
infections.26,29 A delay in making the correct
diagnosis is responsible for the progression of the
disease to perforation.
In this casuistic, there were no misdiagnoses of
acute appendicitis. Different stages of inflamma-
tion were related to the same radiographic finding.
Only five of 170 patients without the radiographic
sign presented appendicitis. All of them were
followed up during longer period until the correct
diagnosis was established and then they were
operated. Other patients without the radiographic
sign had different diagnosis and were submitted to
specific treatments, particularized to each case. It
is important to point that no patient without the
radiographic sign was excluded from this study or
discharged from the hospital without a correct
treatment. On careful evaluation, painful ovula-
tion, mesenteric lymphadenitis and urinary lithia-
sis were found in the patients. None of them
underwent surgery and the cause of pain was
resolved with specific treatment.
According to Graham and Johnson,30 in ad-
vanced phases of acute appendicitis (gangrenous
or perforated), radiographic alterations can be
detected in only 62% of cases. On the other
hand, the image of fecal loading in the cecum
was present in all patients of this study.
Barnes et al.31 reported that more than 50% of
the patients older than 60 years of age with acute
appendicitis present minimal symptoms and their
condition is classified as ‘‘silent appendicitis’’. In
such a situation, progression of the disease ex-
plains the high incidence of perforation and gener-
alized peritonitis in elderly patients with acute
appendicitis. It is important to consider the high
morbidity and mortality rates due to retarded di-
agnostic and treatment. In the present casuistic,
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all patients over 40 years of age, making possible
the correct treatment without delay. Even if the
etiopathology of acute appendicitis in the elderly
is different from the one found in younger
patients, this radiographic sign is still useful for
diagnosis of this disease.
Several imaging studies have been proposed to
increase the diagnostic accuracy of acute appen-
dicitis including ultrasound, Doppler ultrasound,
CT scans, magnetic resonance imaging and scinti-
lography. However, none of these more sophisti-
cated methods has a greater accuracy than the
radiographic sign here described.32e34 According
to Pinto Leite et al.,35 abdominal CT is a well-
established technique in the study of acute
abdominal pain and has shown high sensitivity
and specificity for diagnosing and differentiating
appendicitis, providing an accurate diagnosis in
the early stages of this disease. The radiographic
sign here described has a lower specificity
(85.33% versus 100%) but a comparable sensitivity
(97.05% versus 97%) with CT for the diagnosis of
acute appendicitis.36e38
This sign here described strongly supports the
diagnosis of appendicitis, when associated with
indicative physical examination and laboratory
findings. Surgical examination of cecum and CT
scan assessment performed in some patients con-
firmed that the radiographic image was indeed
fecal loading in the cecum.
According to the literature, clinical suspicious
and CT scanning are the golden standard of
diagnoses of appendicitis. However, for most of
medical centers in the world, mainly those of small
cities and poor countries, CT scanning is expensive
and not always available, mainly during nights,
weekends and holidays. On the other hand, plain
radiography is easy and less expensive to be
performed almost anywhere with similar results.
New studies are in progress to explain the
presence and the physiopathology of this radio-
graphic sign in acute appendicitis. One hypothesis
to explain the fecal loading would be the presence
of a localized ileus in the cecum caused by
physiologic disturbances of this organ due to local
inflammatory process. Once reaching the cecum,
the ileal material would be retained and its water
content absorbed. During this period of chylous
stasis the stool formation is visible on a plain X-ray.
Conclusion
The radiographic image of fecal loading in the
cecum is associated with acute appendicitis. Thesign usually becomes undetectable shortly after
the appendix removal.
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